Abstract Childhood enteropathies are a group of diseases causing severe chronic (>2-3 weeks) diarrhoea often starting in the first week of life with the potential for fatal complications for the affected infant. Early identification and accurate classification of childhood enteropathies are, therefore, crucial for making treatment decisions to prevent life-threatening complications. Childhood enteropathies are classified into four groups based on the underlying pathology: (i) conditions related to defective digestion, absorption and transport of nutrients and electrolytes; (ii) disorders related to enterocyte differentiation and polarization; (iii) defects of enteroendocrine cell differentiation; and (iv) disorders associated with defective modulation of intestinal immune response. While the intestinal mucosa is usually normal in enteropathies related to congenital transport or enzyme deficiencies, the intestinal biopsy in other disorders may reveal a wide range of abnormalities varying from normal villous architecture to villous atrophy and/or inflammation, or features specific to the underlying disorder including epithelial abnormalities, lipid vacuolization in the enterocytes, absence of plasma cells, lymphangiectasia, microorganisms, and mucosal eosinophilic or histiocytic infiltration. This review intends to provide an update on small intestinal biopsy findings in childhood enteropathies, the Bnewcomers^, including very early onset monogenic inflammatory bowel disease (IBD), in particular, for the practicing pathologist.
Advances in paediatric gastroenterology practice and in molecular pathology have allowed us to recognize some rare forms of childhood enteropathies where the pathologist plays an important role in defining the cause of the enteropathy. This review intends to provide an update on small intestinal biopsy findings in childhood enteropathies for the practicing pathologist. Of these, however, only the Bnewcomers^, including very early onset monogenic inflammatory bowel disease (IBD), will be discussed in this review, while other causes of childhood enteropathies will be briefly mentioned in the discussion of the differential diagnosis.
Childhood enteropathies are a group of diseases causing severe chronic (>2-3 weeks) diarrhoea often starting in the first week of life with the potential for fatal complications for the affected infant [1, 2] . Early identification and accurate classification of childhood enteropathies are, therefore, crucial for making treatment decisions to prevent lifethreatening complications [3] [4] [5] [6] [7] [8] [9] . Childhood enteropathies are classified into four groups based on the underlying pathology:
(i) conditions related to defective digestion, absorption and transport of nutrients and electrolytes; (ii) disorders related to enterocyte differentiation and polarization; (iii) defects of enteroendocrine cell differentiation; and (iv) disorders associated with defective modulation of intestinal immune response [10] . While the intestinal mucosa is usually normal in enteropathies related to congenital transport or enzyme deficiencies, the intestinal biopsy in other disorders may reveal a wide range of abnormalities varying from normal villous architecture to villous atrophy and/or inflammation, or features specific to the underlying disorder including epithelial abnormalities, lipid vacuolization in the enterocytes, absence of plasma cells, lymphangiectasia, microorganisms, and mucosal eosinophilic or histiocytic infiltration (Table 1 ). However, in many disorders, the diagnosis is often delayed or incorrect as intestinal findings may be subtle or focal, and as molecular testing for enteropathy-associated mutations is not widely available in every laboratory [6] [7] [8] 11] . The following article delineates some of the recently described enteropathies of childhood and their specific histopathological features as summarized in Table 2 .
Lipid trafficking disorders are primary abnormalities involving lipid transport within the enterocyte and comprise abetalipoproteinemia (ABL), a rare autosomal recessive condition characterized by defective lipid transfer from the membrane of the endoplasmic reticulum to apolipoprotein B (ApoB) due to mutations in microsomal triglyceride transfer protein (MTP) gene located on chromosome 4q22 [12] [13] [14] , hypobetalipoproteinemia (HBL), a rare autosomal dominant disorder due to mutations in ApoB gene on chromosome 2 leading to protein truncation in ApoB [14] , and chylomicron retention disorder (CRD) or Anderson's disease, a very rare autosomal recessive condition caused by mutations in SAR1B gene coding for GTPase-associated coat proteins involved in endoplasmic reticulum to Golgi transport of chylomicrons [15, 16] . Affected infants present with failure to thrive, diarrhoea and steatorrhea, and usually peripheral acanthocytosis.
As lipid assembly is disorganized in these disorders, the serum lipid profile is characterized by low levels of lipid fractions accompanied by various neurologic manifestations due to malabsorption of fat-soluble vitamins, particularly vitamins E and A leading to neuromuscular impairment including poor muscle coordination, ataxia, and retinitis pigmentosa later in life [7] .
Intestinal biopsies in all three disorders show normal villus architecture without lamina propria inflammation, while surface enterocytes with intact brush border display cytoplasmic vacuolization in a heterogeneous distribution along the villi being more prominent at the villus tips [13, 16] . Though the pale vacuolated appearance of the enterocytes can be easily identified on H&E (Fig. 1a, b) , lipid in the enterocytes can be demonstrated by lipid stains such as Oil Red-O (Fig. 1c) using fresh frozen tissue. Electron microscopy shows numerous vacuoles in the cytoplasm of the enterocytes and juxtaposition of intercellular membranes lacking lipid molecules. Treatment consists of a low fat diet and replacement of fat-soluble vitamins [16] . Similar but less striking findings in the small intestinal mucosa can be seen after a fatty meal, long fasting, celiac disease or megaloblastic anaemia [6] [7] [8] 17] . Despite being rarely biopsied, some infectious agents, particularly viral infections, may also cause enterocyte vacuolization and damage including rota virus which after endocytosis is uncoated and replicates in the cytoplasm of the enterocyte. The virus then acquires a temporary envelope by budding into cisternae of rough endoplasmic reticulum (RER) leading to dilatation of the RER which can be identified as vacuolization of the cytoplasm on light microscopy [18, 19] .
Congenital defects of intestinal epithelial differentiation comprising microvillus inclusion disease, tufting enteropathy and enteroendocrine cell dysgenesis [5] [6] [7] [8] are associated with severe morbidity and mortality despite sustained TPN and/or intestinal transplantation.
Microvillus inclusion disease (MVID) is an uncommon autosomal recessive disease described by Davidson et al. in 1978 [20] as severe diarrhoea of the neonate presenting with villous atrophy in the intestinal biopsy. Recently identified mutations in MYO5B gene located on 18q21 encoding myosin Vb are the underlying genetic abnormality [21] . Myosin Vb-deficient enterocytes display disruption of cell polarity as reflected by mislocalized apical and basolateral transporter proteins including CD36, altered distribution of certain endosomal/ lysosomal constituents including RabGTPases and disorganization in the distribution of actin myofilaments [22] . Although described as a disease of the small intestine, involvement of the colon, gallbladder and kidney has been reported [6, 7] . In addition to classic MVID discussed above, a variant MVID associated with mutations in Syntaxin 3 has recently been described [23] . Variant cases usually present with milder disease with a better response to TPN. Light microscopic examination of small intestinal biopsy shows moderate to severe villus atrophy usually accompanied with crypt hyperplasia, and with no or little inflammation in the lamina propria or intraepithelial lymphocytosis (Fig. 2a) . On H&E, there is irregular vacuolated appearance of the apical cytoplasm of the enterocytes (Fig. 2b ) with extensive or patchy absence of the brush border [6] [7] [8] 17] which can be highlighted histochemically by PAS and immunohistochemically by CD10 (Fig. 2c) , polyclonal CEA, alkaline phosphatase, villin [24, 25] or recently described anti-Rab11, a small GTPase on the surface of recycling endosomes [26] , as patchy loss of the normal band-like staining of the brush border and apical cytoplasmic smudgy staining pattern corresponding to the microvillus inclusion bodies in the apical cytoplasm of the enterocytes. The ultrastructural findings of intracytoplasmic inclusions that are lined by intact microvilli are the diagnostic hallmark of the disease (Fig. 2d) , with short and rudimentary or absent microvilli on the surface; unusual electron microscopic features such as intermediate structures between microvillus inclusions and lysosomes, inclusions containing few microvilli and dense apical granules in the apical cytoplasm (Fig. 2e) can also be observed [6-8, 17, 27, 28] .
Congenital tufting enteropathy (CTE), also known as epithelial dysplasia [29] , is an autosomal recessive disorder causing severe diarrhoea in the first week of life together with various dysmorphic features including choanal atresia, oesophageal/rectal atresia in some of the affected infants [6, 7, 17] . EpCAM mutations on chromosome 2p21 have recently been identified as the responsible genetic abnormality in CTE [30] . EpCAM, like most cell adhesion molecules, appears to have a vital role in cell-cell interaction by recruiting intracellular α-actinin and co-localizing with E-cadherin and claudin-7 in areas of cell-cell junctions and tight junctions, respectively [31] .
The small intestinal mucosa shows varying degrees of villous atrophy and crypt hyperplasia with low or no mononuclear cell infiltration in the lamina propria or intraepithelial 3a) . Histology is in harmony with the term Btufting^, as the surface enterocytes display focal crowding forming rounded, tear-drop-shaped buds or small papillae resembling tufts some of which seem to drop off into the lumen on sections (Fig. 3b, c ) [29] . These characteristic Btufts^of extruding epithelium, first described by Reifen et al. [32] , are seen at the villus tips and may affect up to 70% of villi. Focal enterocyte crowding can also be observed in the crypt epithelium together with regenerative changes including crypt dilatation and branching [33, 34] . Unlike MVID, the brush border is usually intact in CTE and surrounds the tufts (Fig. 3d ). Immunohistochemical loss of EpCAM staining in the enterocytes is proposed as a helpful adjunct in the diagnosis of CTE [31] . The colonic mucosa may also be involved. In some cases, diagnosis of CTE may require repeat biopsies as it takes time for the characteristic tufts to develop. Ultrastructural changes may be observed in the desmosomes, which are increased in length and number [6, 7, 17] . Enteroendocrine cell dysgenesis (ECD, enteric anendocrinosis) is a congenital deficiency of intestinal There is surface epithelial vacuolation in otherwise normallooking duodenal mucosa with preserved villus/crypt architecture (H&E; ×40). b Vacuolated appearance of surface enterocytes (H&E; ×200). c Lipid droplets in the enterocyte cytoplasm (Oil Red O; ×200) endocrine cells recently described by Wang et al. [35] . ECD is inherited as an autosomal recessive trait associated with mutations in Neurogenin 3 gene located on chromosome 10q21.3, which controls the developmental pathway of gut and pancreatic epithelial stem cells destined to become endocrine cells. Affected patients present with congenital diarrhoea and eventually develop type I diabetes [6, 7, 17, 35] .
The intestinal mucosa demonstrates normal villus architecture, enterocytes with normal brush border, goblet cells and Paneth cells (Fig. 4a) . Immunohistochemistry for chromogranin A reveals lack or paucity of enteroendocrine cells in the mucosa (Fig. 4b, c) with decreased intensity of staining [6, 7, 36] . A decreased number of enteroendocrine cells may also be seen in autoimmune enteropathies which show accompanying active inflammation and epithelial injury [17] .
Eosinophilic gastroenteritis (EoGE) is a spectrum of diseases characterized by eosinophilic infiltration of various segments of the gastrointestinal tract together with peripheral eosinophilia and co-existing allergies to foreign antigens including cow's milk, egg and soy proteins [37] . Symptoms vary depending on the location of the infiltrate within the bowel wall and include gastrointestinal bleeding, nausea, vomiting, abdominal pain and diarrhoea, while peripheral eosinophilia, hypoalbuminemia, anaemia and immunoglobulin E (IgE) elevation are often found in laboratory analysis [38, 39] . The underlying immune mechanism involves Th2 lymphocytes leading to an increased production of proallergenic interleukins, IL-4, IL-5, and IL13 which promote maturation of eosinophils and migration from the bone marrow into the circulation through upregulation of Eotaxin 3 by the epithelium, a chemokine responsible for attracting the eosinophils into the mucosa. As a result, mature eosinophils accumulate in the intestine, are activated and degranulated to release multiple cytotoxic agents leading to defective peristaltism and malabsorption in this condition. The disease may be patchy and the eosinophilic infiltrate may be mucosal, mural or serosal [40] , mucosal involvement being the most commonwhereas mural form is more frequent in children with a predominance of antral involvement leading to gastric outlet obstruction [6, 7] .
The intestinal biopsy shows varying degrees of villus blunting due to expansion of the lamina propria by eosinophilic infiltration (Fig. 5a ). Since eosinophils are normal residents of the lamina propria, except for the oesophagus, as part of the innate immune system, it is difficult to determine the increase in eosinophils with confidence. The cut-off value for pathological eosinophilia has been variously defined between 20 and 80 per high-power field depending on the site involved within the gastrointestinal tract, the stomach having a slightly lower eosinophilic distribution than other sites, whereas higher densities (up to 30 eosinophils per high-power field) are commonly found in the appendix, terminal ileum, cecum and proximal colon. Thus, it is equally important to evaluate accompanying features such as villous atrophy due to epithelial damage [41, 42] , intraepithelial eosinophils (Fig. 5b) forming eosinophilic microabscesses (Fig. 5c) , and eosinophilic infiltration of the muscularis mucosae (Fig. 5d) , and large numbers of degranulating mast cells. Other causes of eosinophilia including parasitic infections, immunodeficiencies, drug reactions, Crohn's disease, connective tissue disorders and hypereosinophilic syndrome have to be carefully ruled out before the diagnosis of EoGE is made [6, 7] . Elimination or elemental diets and corticosteroid therapy are the treatments of choice, though some patients may show spontaneous remission [37, 43] . Childhood enteropathies associated with immune dysregulation comprise of autoimmune enteropathies that include the immunodysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) and APS1 syndromes, and very early onset inflammatory bowel disease.
Autoimune enteropathy (AIE) is probably the most frequent disorder leading to infantile intractable diarrhoea [44] . Most cases occur in infancy or the first year of life, manifesting primarily with a secretory diarrhoea. There is a strong male preponderance, family history of other affected siblings, frequent extra-intestinal involvement and various circulating autoantibodies [45] . However, this entity has also been reported in older children, girls and adults [46] .
The most consistently recognized association is with the X -l i n k e d s y n d r o m e o f i m m u n o d y s r e g u l a t i o n , polyendocrinopathy and enteropathy (IPEX syndrome) initially described by Powell et al. [47] . Extra-intestinal disease in these patients includes insulin-dependent diabetes, thyroiditis, membranous glomerulopathy and interstitial nephritis in association with a number of autoantibodies including antinuclear antibody, anti-smooth muscle antibodies and antibodies against parietal cells, pancreatic islets, insulin, thyroglobulin and thyroid microsomes [44, 48] . This syndrome has been related to mutations in the FOXP3 gene (Xp11.23) [49] , and humans bearing this mutation share a very similar phenotype to that of the scurfy mouse, with the absence of naturally occurring CD4+ CD25+ regulatory T cells (Tregs). Mutations in the FOXP3 gene or in its promoter region result in impaired suppression of lymphocyte proliferation by regulatory T cells following an initial inflammatory trigger, eventuating in an extensive autoimmune disorder [50, 51] . More recently, an expanding spectrum of autosomal gene defects that also affect Treg function, including loss of function mutations in CD25, STAT5b and ITCH and gain of function mutations in STAT1, has been described in patients with an IPEX-like phenotype [52] .
The entire GI tract is often involved in AIE, though the histopathological findings are most severe in the duodenum and small bowel where biopsies are usually characterized by marked villous atrophy, crypt hyperplasia and a mixed inflammatory infiltrate of the lamina propria. Inflammatory destruction of intestinal crypts with extensive apoptosis is a feature noted in many of the cases, similar to those noted in intestinal graft-versus-host disease, and confirms an immune-mediated attack against intestinal epithelium [48] (Fig. 6) . A characteristic feature not routinely observed in other inflammatory intestinal diseases is depletion of goblet and Paneth cells. However, there can be marked variation in the histological features, with some cases, especially in older children or adults, showing milder degrees of intestinal damage (Fig. 7) .
In contrast to cases of gluten-sensitive enteropathy with flat villi, intraepithelial lymphocytes tend to be relatively few in number. A concomitant crypt-destructive colitis and gastritis are present in the majority of cases [53] .
One of the hallmarks of this entity, noted since the first reports of AIE, is the presence of anti-enterocyte antibodies, detected by indirect immunofluorescence using the patient's serum on frozen sections of normal bowel. Positive fluorescent staining results in a linear pattern along the apex and baso-lateral border of the enterocyte [1, 45, [54] [55] [56] (Fig. 8a) . The antibodies are predominantly IgG and have been described as complement-fixing [55] , though IgM and IgA have also been described [55, 57] . Enterocyte antigens harmonin (75 kDa USH1C protein) and villin (actin-binding 95 kDa protein) have been identified as targets of these autoantibodies, and the presence of these autoantibodies appears to differentiate IPEX from other childhood enteropathies [58] . However, the mechanisms responsible for autoimmunization and the role of these autoantibodies in IPEX are unknown, as the inflammatory mucosal injury is mainly T cell mediated. Antibodies reacting against mucus or goblet cells have also been described, and intestinal biopsies in these cases have shown a marked depletion of goblet cells [59, 60] (Fig. 8b) . Of note, anti-enterocyte antibodies have also been described in adult AIDS patients without digestive symptoms [61] , Duodenal biopsy from an 18-year-old female with a diffuse autoimmune disorder with thyroiditis, a protein-losing enteropathy and positive anti-enterocyte antibodies. There is partial villous atrophy and a milder inflammatory infiltrate as compared to the previous figure. This biopsy was initially interpreted as consistent with celiac disease. The patient had negative celiac serology and did not respond to a gluten-free diet. There is mild intraepithelial lymphocytosis; however, the absence of goblet and Paneth cells noted in this case is not a feature of celiac enteropathy whereas anti-goblet cell antibodies have been detected in patients with chronic inflammatory bowel disease (Crohn's and ulcerative colitis) and their first-degree relatives [62] , and in a series of treated and untreated patients with celiac disease and controls [63] . The usefulness of these antibodies in the diagnosis of AIE in young infants is also questionable, given that there is little IgG production in the first 3 months of life and that IgG detected in the infant is likely maternal in origin [64] .
The clinico-pathologic findings in AIE overlap extensively with other primary immunodeficiencies such as common variable immunodeficiency (CVID), where features such as increased basal apoptosis and depletion of goblet cells have also been described [65] [66] [67] . CVID may be distinguished in most cases by the relative paucity of inflammatory cells and the history of repeated infections. In the older patients, celiac disease is the most important consideration; a high index of suspicion for AIE should be present when there is a severe inflammatory pan-enteric crypt destructive process with villous atrophy without significantly increased intraepithelial lymphocytes, with increased apoptosis in the base of the crypts and loss of goblet and Paneth cells. In these patients, serologic testing for celiac disease is usually negative and the patients do not respond to a gluten-free diet. Testing for circulating anti-enterocyte antibodies may be useful in the older child and adult but is likely of more use limited in the young infant.
Mortality in cases of AIE has been high, occurring in up to one third of reported cases but more frequent in the older descriptions. Diet changes and steroids alone have been largely ineffective, and immunosuppression is required in children as well as adults [46] . A good response to sirolimus [68] and budenoside has been reported [69] . Bone marrow transplantation may be effective in some cases.
Autoimmune Polyendocrine syndrome Autoimmune polyendocrinopathy, candidiasis, ectodermal dystrophy (APECED) is an autosomal recessive disorder with heterogeneous clinical manifestations. It is caused by mutations in the AIRE gene, which codes for a transcription factor primarily expressed in medullary thymic epithelial cells where negative selection is thought to occur [70] . The type I form is characterized by various endocrinopathies of an autoimmune nature, often beginning in childhood or early teenage years, by chronic mucocutaneous candidiasis due to a T cell defect, starting soon after birth, and by dystrophy of ectodermal tissues [71] . Malabsorption can occur in up to 25% of patients and appears to result from destruction of intestinal endocrine cells [72] (Fig. 9) . A specific deficiency of cholecystokinin-producing enteroendocrine cells has been reported in one patient, with seeming reappearance of the cells when the diarrhoea abated [73] . Small bowel biopsies show mild changes or can even be normal, in contrast with the crypt-destructive inflammation usually seen in autoimmune enteropathy.
Very early onset inflammatory bowel disease
Approximately 25% of incident cases of inflammatory bowel disease occur during childhood, most commonly diagnosed during the young teenage years. In about 15% of patients, the diagnosis is established prior to 6 years of age, with up to 6% diagnosed at less than 3 years of age [74] . This subgroup of IBD patients is referred to as Bvery early onset IBD (VEO-IBD)^and presents significant differences from IBD occurring in older children and in adults, including more severe clinical disease unresponsive to conventional IBD therapy and a greater proportion of cases featuring an underlying monogenic disorder [75] . Individuals with monogenic disorders may have features not typically associated with IBD, such as nail and hair anomalies, epidermolysis bullosa, and autoimmune hemolytic anaemia [76] . They may develop significant problems such as immunodeficiency, impacting treatment options, and a greater potential for receiving escalated treatment regimens involving extensive surgery and more intensive medical therapies rather than specific therapy directed toward the underlying defect [76] . It is also well-known that patients with primary immunodeficiencies such as common variable immunodeficiency (CVID), Wiskott-Aldrich syndrome (WAS) and chronic granulomatous disease may present with VEO-IBD [77, 78] .
Recent advances in molecular technology, such as whole exome sequencing (WES), have allowed the discovery of genes and pathways associated with VEO-IBD [79] . These genes are for the most part different from the genetic variants found in genome-wide association studies of IBD in older children and adults [80] . The defects that are associated with VEO-IBD include genes involved in the intestinal epithelial barrier function, phagocyte bacterial killing, hyper or autoimmune inflammatory disorders, and function of the adaptive immune system [81] (Table 3 ). The landmark discovery of mutations involving the anti-inflammatory IL-10 cytokine and its receptors IL-10RA and IL10RB, resulting in severe infantile enterocolitis and perianal disease, was the first to demonstrate causal genetic defects in patients with VEO-IBD [82] . The essential role for IL-10 in limiting intestinal inflammation had already been demonstrated by the spontaneous development of severe colitis in IL-10-deficient mice [83] . From a pathologist's perspective, intestinal histology in these patients may overlap with conventional IBD but may also present unique features, such as the acute inflammation and mucosal ulceration observed in patients with NEMO (IKBKG mutations) [84] . Chronic granulomatous disease (CGD), which results from defective bacterial clearing due impaired phagocytosis by intestinal granulocytes, may present with intestinal inflammation mimicking Crohn's disease in as many as 40% of patients [85] . In contrast with typical Crohn's disease, the histologic features in CGD frequently include multiple granulomas, sometimes necrotizing, with or without associated active colitis, and mucosal accumulation of pigmented macrophages during quiescent phases (Fig. 10) . The therapies used to treat such patients differ from conventional IBD therapy. For example, anti-TNFα is contraindicated and can be fatal in these patients. Other therapies, including allogeneic stem cell transplantation, have demonstrated some success [86] . Defects that affect development or function of B and T cells, as occur with mutations in recombination activating genes (RAG1 or RAG2), in IL-7R (Omenn syndrome) and with the multiple gene defects associated with severe combined immunodeficiency (SCID), may be associated with severe intestinal disease. Patients with DOCK 8 (dedicator of cytokinesis 8 protein) deficiency, a combined T and B cell immunodeficiency syndrome, present with susceptibility to viral, fungal and bacterial infections in association with increased serum levels of IgE [87] . Some patients may present with chronic diarrhoea and severe intestinal disease (Fig. 11) . Several autoinflammatory diseases have also been linked to VEO-IBD. These include mevalonate kinase deficiency [88] , familial Mediterranean fever [89] , HermanskyPudlak syndrome [90] and X-linked inhibitor of apoptosis protein (XIAP) [91] . XIAP is involved in NOD2-mediated Defects in regulatory T cells and IL-10 signalling NFKB signalling, and these children may have impaired ability to sense bacteria. In addition, as an inhibitor of apoptosis, it prevents apoptosis of activated T cells, allowing for expansion of T cells in response to pathogens [92] (Fig. 12) .
VEO-IBD, thus, represents a subset of intestinal inflammatory disorders, typically occurring in a younger age group, and enriched in rare monogenic disorders. Patients with VEO-IBD typically do not respond to conventional IBD therapy and require treatment ideally guided toward the specific defect and monitoring of their complications. The diagnosis of these unique disorders rests on the use of next-generation sequencing, and their identification not only offers these patients the possibility of Bpersonalized medicine^but also deepens our insight into the function of the immune response.
The entities discussed in the above text, besides involving mainly small and large intestines, have one other feature in common: They occur mostly in the early days of life, thereby making the diagnosis extremely difficult for the clinicians as well as the pathologists. Gastrointestinal biopsies are more difficult to obtain in paediatric age group, particularly in newborn babies compared to adult patients. However, the improvements in endoscopic devices allow the paediatric gastroenterologists to obtain sufficient amounts of tissue during upper and lower GI endoscopy. Duodenal biopsy including the first (duodenal bulb) and second parts of the duodenum and multiple colonic biopsies from different sites including terminal ileum should be taken and sent for pathologic examination in separately coded vials containing formalin. In the case of suspicion of congenital enterocyte abnormalities or enzyme deficiencies, one piece should be sent for electron microscopy, while for lipid transport abnormalities, an additional fresh piece of biopsy should be sent to pathology for lipid stains. More importantly, however, a good clinicopathologic collaboration is crucial for the differential diagnosis of childhood enteropathies and very early onset IBD.
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